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FOREWORD

Microwave attenuation measurments were made on samples of arsenic-dopedgermanium and phosyi'orus-doped silicon (each of three different resistivities suppliedby the Naval Weapons Center, China Lake, California. These microwavemeasurements are compared to infrared transmission measurements made by VictorRehn at China Lake to determine an optimum doping level for strong microwave
energy attenuation and limited infrared attenuation.

This work was performed by R. W. Lothrop as a training assignment ir. theElectromagietic Vulhnrabilitv Division at the Naval Weapons Laboratory, Dahlgren,
Virginia.

This report was reviewed by R. L. Schmidt, Head of the Electromagnetic
Vulnerability Division,

Released by-

C. W. BERNARD
Head, Advanced Systems Department
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; I. INTRD•,uClON

Many semiconductors are almost indistinguishable ii physical appearance frommetals. In the visible region of the spectrum, like metals, they generally absorbstrongly, having coefficients of absorption on the order of IWO cin-1. In the purestate, the absorption coefficients of many semiconductors, such as silicon andgermanium, drop oft rapidly in the near or intermediate infrared region and becomefairly transparent at fonger infrared and RF wavelengths. The transparency ofsemiiconductors at wavelengths beyond the absorption edge is frequently apparentonly when they are purified to such an extent that absorption due to free carriersis small enough to show tip the fundamental absorption. In an impure state, theyare generally opaque from ultrav:olft right up to radio frequency wavelengths.

The problem is to find doping l,.v-As for botih silicon and germanium wlici willnmake them effectively transparent in the infrared region but opaque in the
microwave region.



!1. DOPED SEMICONDUCTOR PHYSICS

The quantum mechanized model of a semiconductor explains electrical
conduction in terms of electrons which have been moved from their natural bond
states within the atom to non-localized energy states. There are two varieties of
these states - - the donor and acceptor states, In the donor state, an electron is
localized around an impurity from which it can be released into the conduction
band withi a rather small expend;ture of energy. This makes the electron from the
impurity atom available for electrical conduc-ioa. Similarly, an acceptor state is an
availale electron state around an impurity which can accept an electioi. from the
valence band. When this transition occurs an electron is taken from the valence
bi.nd, or a hole is produced. An elect,-ical current can now be carried by the
valence band. Since the energies involved :n these processes are of the order of 0.01
to 0.1 eV, they are much smaikr than the energy required to excite an electron
directly from the valencz band into the conduction band. These states exist in
continuous bands which are separated by regions where no energy level states exist
(forbidden Ita;.ds). When the semiconductor material is doped with an impuritv. I
energy levels are created which lie within the forbidden band.

An optical absorption arises from the promotion of a free electron from the
valence band tz the conduction band, accompanied by the absorption of a photon.
For the photo hr ; Eg (forbidden band energy gap), strong optical absorption
may occur. If the photon energy is less than the gap energy, the absorption is
usuaily much weaker. By their basic nature semiconducting materials have small
energy gaps which correspond to cut-on wavelengths in the infrared region.

When radiation iB applid to 3 solid, electrons are displaced from their
equilibrium position by a self produced electric field (F). The equation for the
motion of a free electron in the prcsence of this electric field is:

d 2 x dx
m= eEej4't  (i)

where

- is the damping constant which is related to the relaxation time (r) by



! e
Y = -(2)Si me

and where
m = free carrier mass
e = electronic charge (1.6 X I0 *• C)

m = free carrier mobility

Solving for X,

eE 3X I ÷C~ + C267 ie (3)
m (Hw2 +j'yw)

tt
As t gets very large, C2e- approaches zero and if it is assumed that at t = 0,
E = 0 and X= 0, then

C1 =-C 2

Therefore let

C, = -C 2 = 0

So the solution becomes

eE IX = (, (4)m HO•2 +jy(,)

Th'e net polarization caused by the displacement of electrons a distance X is.

Ne2 E
P Net, I =1 (5)

m(-wJ2 +jy7W)

where

N -s the toial ,'umber of Jectrons per unit volume.

The complex inlex of refrection kn-jk)2 can be defint,*, ii

3



(n - jK)2 = I + (P/e0 E) (6)

where vI

n equals 4.0 for germanium and 3.42 for silicon (real part of the index of
i-efraction).

Substituting in the polarization calculated above,
I

Ne2
n2 -K 2 - 2jnK = I + e 2  (7)

mY0 -W2 + j'y)

where

K is equal to the imaginary part of the index of refraction.

The basic wave equation for a E field in a lossy material is,

V2E+k 2  = 0 (8)

The wave number k is, in general, complex and may be written,

k = k'- jk" (9)

where

k' is the intrinsic phase constant, and
k" is the intrinsic atteniation constant.

The k" term causes an exponential attenuation of the wave amplitude. The solution
to the wave equation is

E = Eoe VIeC- jk'Z (10)

4



The absorption coefficient a can be determined by equating the imaginary parts of

equation (7),

2nKw 2cncx 
-Ne 2

me 0(W2 + 2 ) (11)

Substituting in for y,

Cj NeIA 2-
e [ +W2.2] . (12)

C. cn

Values foi a are calculated in Program One in Appendix A for frequencies from the
infrared range to the R1 range for both silicon and germanium doped at three

different levels. For these calculations. three different doping levels were

used., 2.5 X 101 3/cm 3 , I X 1015 /cm 3 , and I X 101 7 /cm 3 . Three different

thicknesses were used., 0.058 in. (0.1473 cm), 0.127 in. (0.5 cm), and 0.70 in.

(1.778 cm). The frequency range used went from I GHz to 3.7 pm.- The equations
were evaluated for both silicon and germanium. There are two regions of interest in
this equation. The first is the relaxation region where 1/1- - c. In this region, the

absorption coefficient is proportional to the wavelength squared and the transmission
of infrared radiation is fairly high. In the second region (low frequency region),
where wo l1/r, the absorption coefficient is fairly high for RF radiation.

Knowing the absorption coefficient, the transmission percentage can be

calculated by solving a parallel plate type of problem., At every interface there is an
incident and a reflected wave.

incident wave -) eJkox "1 AejkX X. Teikox

Rei-J0X.4 Be-Jk .-

The constants R, A, B, and T can be evaluated by solving,

I +R = A+B (13)

5



jk0o( - R) = jk(A- B) (14)

TEjkoa = ACjka + .- ijka (15)

JkoTCJkoa = jk(Acjka- Be-Jka) (16)

therefore

T= -Jkoa 2jigT (17)
(I + p2 )sin ka + 2jp cos ka

where

a = thickness

k P

k
ko

wn
C

therefore

T =2j(P + jci)
T 2j~3+ja)(18)

I (k2 + (8 + ja)') sin (3 + j)a + 2j(c + jP) cos (c + jP)ak 0

The values for the absolute transmission through different samples can be found
in Program One (and plotted in Figures B-I through B-4) in Appendix B.
Transmission percentages were found as high as 98.5% in the infrared region. Large
variatioos within the infrared region are caused by cancellation or enforcement of
the incoming signal with the reflected signal.,

The amplitudes of the waves reflected from each surface will reinforce each

3'!
other when

n(t) (2m+ 1) (19)

4

6



where

m is an integer and
t is the thickness.

Destructive interference will occur at wavelengths when

n(t) = m - (20)
4

Transmission percentages below 10-150 in the radio frequency range were
considered as zero.

The reflection coefficient for different samples can be calculated from

R n* •(21)
1 +n*

where

n* = ( c +je)
(A)

Therefore,

2c
-(9 + ja)

c-R = 2 c (22)
' ~1+ -- 3+j--a

The absolute values of I - R can also be found in Program One in
Appendix A.

7
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M. IIRI AU M

NH. TE TURA IJR VARIATIONS .1!
An increase in temperature above room temperature causes an icrase in free

carrier concentration because electrons from the valence band begin to enter die
conduction band and thereby create hole - caqier pain. There is a cross-over point
called the intrinsic range where the concentration of electrons in the conduction
band becomes greater than that due to the donor inpurities. For germanium, the
free carrier concentration increases as,

n,(T) 1.76 X 101 6T 312 -4 S°O/Tcn- 3  (23)

and for silicon as

ni(T) = 3.88 X lO'6T3/2C-7000/Tcm-3 (24)

The values for the free carrier concentration from 2000 to 8000 K are listed on
pages A-12 through A-18. These new free carrier concentrations were substituted
into Equations (12) and (17) to calculate the abs9lute signal trapsmitted at
frequencies ranging from 2X 101.3 Hz (15 /Ap) to II X 1014 (0.27 prm). When the
transmission percentage is high, the germanium samples do not show a noticeable
drop in transmission to about 5000 K. The silicon does not show a drop until
about 6500 K. Plots of this data can be found in Appendiv "B (Figures B-5 and
B-6).

To test the actual RF transmittance of both silicon and germanium, samples
were made to fit a jig that mated with precision 7mm connectors,: (APC-7). The
samples were cut and ;polished to a donut shape, with a hole diameter of 0.121 in.
and outside diameter of 0.2745 in. Plane surfaces were polished with 6mm diamond
grit, Two different length samples were 'available; 0.127 in. and 0.'058 in. The three
different doping levels were; 7.5, 0.4, and 0.1flcm for germanium, and 10, I, and
0.442cm for silicon, When a sample it placed in a line, the impedance of the line at
the point may be calculated.

Z Sample'= (25)4G + jw0C

8



where

* L In (b/a) (26)
.2it

2= e e n2  (27)
In b/a

2xv

G = (28)in b/a

and .

R b-P (29), . t*b2 - P2)

The computed values of Z (impedance) at different frequencies for the various
resistivities are listed on pages A-19 through A-24.

Using these values of calculated impedance, the theoretical transmittance through
the sample at various RF frequencies can be calculated. From two-port theory, the
transmittance is found to be,

V TRANSMITTED Zr
T= V INCIDENT Zo sin h 7L + ZT cos h "L (30)

where

ZT = 5OP
"r = 'Y+jP•

The calculated transmittance is listed on pages A-25 through A-36 (and plotted in
Figures B-8, B-9, B-I I and B-13 in Appendix B) for frcquencies from 0.5 GHz to
12.5 GHz.,

9



IV. SAMPLE MEASUREMENTS

The setup used to make actual measurements on the samples is shown in
Figure I. The samples were held in the test jigs with .ilver conductive paint. Data
were taken from 0.25 Hz to 11.5 GHz in 0.5GHz steps Figures B-7, B-10 and B-12
show the results of these tests. Test data follow fairiy close to predicted data to
about 50dB of attenuation, the sensitivity limit of the Hewlett Packard (HP)
network analyzer. The measured data are given in Tables I and 2.

A test was run to prove the importance of a good conductive seal between the
sample and the test jig (see Table 3). The first test was run without the use of
conductive silver paint between the sample and the jig and between the sample and
the center pin. Tolerances were better than 1/10,000 in., but leakage was still quite
high., A second run was made with only the center pin painted and leakage was
decreased. In the third test, both the center pin and the sample-to-test-jig joint were
painted and leakage was further reduced. The limiting factor in attenuation for any

doped semiconductor will be the seals between metal and the semiconductor. The
only sure way of preventing leakage is to solder the gaps with low-temperature
solder. Measurements made with the test setup shown in Figure I show as much as
a 30dB reduction in attenuation when no silver conductive paint is used in the
gaps between the test jig and the semiconductor sample. The placement of the test
sample in the test jig is shown in Figure 2.

10
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TABLE 1

MEASURED ATTENTUATION (dB) OF SILICON

Freq. Resistivity (1Z cm)
(GHz) 10 1 0.4 10 1 0.4

0.127-in 0.058-in

0.25 34.6 19.5 37.8 4.0 8.8 18.1
0.5 16.0 24.1 26.8 7.2 14.9 23.5

1.0 16.2 27.2 27.8 8.4 18.3 26.1

1.5 16.7 27.0 29.9 9.5 19.9 27.2
2.0 16.95 28.95 31.65 10.25 21.15 28.45
2.5 17.1 30.6 34.0 10.7 21.8 28.2

3.0 16.9 32.1 36.4 10.6 22.2 29.6
3.5 17.2 34.1 39.0 10.9 23.0 30.5
4.0 17.7 36.2 41.4 11.4 23.9 32.0
4.5 17.7 37.2 43.5 11.3 23.9 32.8
5.0 17.8 38.8 45.7 11.4 24.8 33.7
5.5 17.7 39.9 47.3 1.1 25.8 34.4

6.0 17.6 41.6 49.2 1.5 26.2 35.2
6.5 18.4 43.3 50.4 1.7 26.3 36.2
7,0 18.1 44.3 51.3 1.6 26.4 36.8

7.5 18.2 45.2 52.0 11.9 26.7 37.5

8.0 18.8 46.1 52.2 11.7 27.2 38.5
8.5 19.7 48.2 52.1 12.5 27.8 39.8
9.0 20.0 49.7 52.5 12.7 28.3 40.9
9.5 19.7 50.3 53.2 12.2 28.4 41.0

10.0 19.9 50.5 53.1 11.5 29.1 40.8

10.5 20.6 51.6 53.4 12.2 30.4 42.2
11.0 20.3 51.8 53.2 12.8 30.7 42.7

S11.5 20.7 52.4 52.8 12.1 30.6 44.6

12



TABLE 2

MEASURED ATTENUATION (dB) OF GERMANIUM

Freq. Resistivity (12 cm)
(GHz) 7.5 0.4 0.1 7.5

0.127-in. 0.058-in.

0.25 15.6 22.8 21.8 1.7
05 17.0 28.3 28.0 4.6
1.0 17.5 30.3 32.2 8.1
1.5 17.9 339 37.5 9.5
2.0 18.15 37.55 39.25 10.25
2.5 18.3 40.1 41.7 10.8
3.0 18.0 43.0 43.8 11.3
3.5 18.2 44.7 46.0 11.7
4.0 18.5 48.7 49.1 12.2
4.5 18.4 49.6 48.5 12.3
5.0 18.6 51.5 51.8 12.4
5.5 18.5 53.1 52.9 12.7
6.0 18.9 54.0 54.0 13.2
6.5 19.3 54.7 54.1 13.1
"7.0 19.1 55.2 55.7 12.9
7.5 19.1 55.4 55.6 12.8
8.0 19.2 55.5 55.8 13.4
8.5 19.8 56.4 56.4 13.4
9.0 20.4 56.5 56.4 13.3
9.5 20.3 56.5 56.5 13.0

10.0 20.1 56.4 56.6 13.3
10.5 20.8 56.7 57.0 13.6
11.0 21.0 56.6 56.8 13.4
11.5 21.0 56.0 56.0 13.4

13



TABLE 3

EFFECT OF CONDUCTIVE PAINTING BETWEEN
SAM'•LE AND TEST JIG AND

SAMPL!- AND CENTER PIN ON ATTENUATION
(dB) OF 0.127-in. GERMANIUM WITH

RESISTIVITY OF 0.4 11 cm

Freq.
(GHz) Unpainted Painted Pin Both Painted

0.2 6.4 12.1 22.8
0.5 12.0 19.2 28.3
1.0 16.2 23.9 30.0
1.5 19.9 27.7 33.9
2.0 21.85 30.25 37.55
2.5 23.0 32.7 40.1
3.0 24.4 34.0 43.0
3.5 25.6 35.4 44.7
4.0 26.3 35.1 48.7
4.5 25.1 35.5 49.6
5.0 25.8 35.3 51.5
5.5 27.1 35.9 53.1
6.0 27.8 37.0 54.0
6.5 29.0 37.4 54.7
7.0 29.4 37.5 55.2
7.5 29.9 38.2 55.4
8.0 30.7 39.2 55.5
8.5 33.0 40.0 56.4
9.0 34.0 40.8 56.5
9.5 34.0 41.5 56.5

10.0 34.1 43.0 56.4
10.5 35.5 44.7 56.7
11.0 35.5 45.0 56.6

14



V. H4FL&3EamESRNm

Jnaftreod £ranssnuon meaasuments performed at the Naval Weapons C•uter atChina Lake, Caifomia were made an a Pedcbi-Ee MGe 137, covering the 2.5 to

measuremets 091P made. Thes Chins Lake measurmnets led to a recommendation

-IS1pm rnnge. The Sanpmld were polished with 1 pmn diamond pois eore the

secfifyig a sibco window of 2 t.50 cm resistivity and polish with 114pmdiamond pit
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VL CONCLU••IS AND iCOIH4DATiO6

The RF meam,-nnts show that the microwave absorption in doped
sm ndue increa with icesing rstiity until about 10012cm where the
absorption drops to almost zero. A 2 12 cm sample at four GHz has about a 17%
absorption rate. This means that 83% of the ove 100 dB loss at microwae
frenuencks as caused by reflections and not by absorption within the sample which
could cause heating. Infrared transmission in a 2 Iacm sample is 51%. This value
improves only to 54% in a higher-purity sample.

It is recommended that a silicon window of 2(+3 -05 + 3.0)nt cm resistivity
polished with 114 in diamond grit would be the best possible filter for microwave
frequencies from 0.25 GHz to 12.5 GHz. This resisthivty is small enough to produce
a fairly large reflectance of microwave energy to reduce rise xns2miity of heating of
the window by absorbed microwave energy. This window skvws only a 3% reduction
of infrared energy over the intrinsic material while attenuatint microwave energy by
more than ;00 (dB. Due to the high likelihood of leakage around the window, it is
recommended that the window be soldered to its frame with a V-shape metal band
to take up changes in size of the window due to temperature variation.

16
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APPENDIX A

Test Set-Up
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.400JjOEji-i *?5.Eu75OG4EtJa *13b4OJE-2i
o8ouujiii4-1 *2ti4otE+04 o651851+i33 *14289E-21

0100i+2 2783f6 63433L433 *21251E-21
*20aO~~E412 .281+4.6vu796E4JO *69229E-20
9400U'OE*i2 *2LAj77L+u4 .64u122E+JO .20193E-15
0 800j otý+12 o 105 89ti'-O' *60009E+JO *42603E-08
010000t.+13 *76184tE+03 obu'003tE+)33c85E0
*200oz~i+IJ *24582E+03 .60000E+003 *809i9E-0-
*4J3)OOL+1.i *bbb84E+C2 *6b0O~tE+uG *i925(JE+GO
*6000OE+13 *167C9LEO2 s6O0G0E*J0 .57618E'eOj
*1000OE+14 .IC71bC4+ obOOCOE+03 o4b28JE+03
e2JOc.+14 *2bdboL+il. *bUO)OLE*OO s50947E403
*4OO0b3E+14 ob72ilE+00 o63OaO~EtOO *52Z70C+CG
.800UiUEd4 *.86LJ b0GGaE+J0 #52346E+60
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DOPING LEVELFREOUENCy (Hz) ALpHA ASWTIWdM COEFp'cft3 F&PLCygT -MP~m. COEF
*100JOE*10G.~I 0.05*6MMOMCEFs20GE1 2 8623E,06  -10000iE+31 0.
-4f~ufE~l -862jE*6 a- 0!O0E.G1 0.

*16YOEll 28681ý06 , 1ý3I GJGE * al 0..20 40L.E 1jl -2 :95 #j .16000E4~jj 0.*4a iE l 099998Ee-Jo a.*4 bioaa E~jj oZ 1 6E & 9 9 993e~jfl 0.
0IO040E*12 .278asE.oo, 

3.972~j 0
eZ00E1 25871E+06 0995E0

*8 0000E.±2 *1(,77t+0, *96668fE.00
*1Ilioadot+ 3  .?brqE ab*8 81 EoE o j1.

*20OE1 2 45 82E+65 -76asTZE4.30 0.
980o000E+1. * 6 57bb4Eý+64 .60jlSEi30 i12 Z46E-5e

'l Oj t.i 167 G9E.,o.. .6i0 OCE.jo
-4000&E+14 s.bo+3ofl~;j 3409y3E-08

.653912E-02*8 000CEt1 4. *16dGoE+02 90oLa ~ rE
SILICON' -42675r-+00DOPING LLVEL .25OE+Za

FI J DE l ALPHA 'REFLECT 
A 3

* i Gu hj hE + i i 0 2 J99 5 C 0 ~ 2  .0 56 3 5 E , 0 0 a 4 8 1 6 J E ~ o z:5G0El 295L+2 55165E+ao*496E&

*4?c006E+12* 2  1 4c 0 * 5 48151E*.o *4576 r_-+00*4A0E* 2 93849c02 *54768E+00 .4474,3E+00
* 2tJCO(E+j3 .446l * 54755Efo 497Ej

*20jE+2 2984 ~ * 5 4752E+3Q*IOOuoE+12 -28b154E+02Ou6 3E c

*26006E13 -4L76t+Cj .54751E+0 JO33E4
. 5 4751E+lo

92867+0 o471Lo A3e54o



£IOVING LEVEL olOJtE+22
FUEUEWV OWI WMP AOTIMM.!u MRDMCFF. UERWTIOFF

.100iobE*1i) e11962t..4 o9979Zk*3l3 .39363t-1u"
.zuidoi*1u 011982E+04 099160Et.4JJ39-1

o'.uOfi4E1*lj .11982E+04 .96900E4-JO 91758GE-C9

0.S(ODEO*lu .11981C+u 4  o898G1E4BO o51237L.-09
.1fioulc-+II 0II9S13zA+i4 o65920E*00 985697E-C9
02f~iadt+L11 91197 3c+04 .71154LfJO o794i6E-09

o4Gt&iraEl. e11952L+04 *6J484E+03O *49362E-69
.6uOOuuE*11 *11661E*04 .56328E+405 *5c97E-C9

02 OOOE+12 o11261a.-04 .54956L4+1G *1419BE-08
*406+2 .95397a-_4,I3 .'144J 317

odGOiIGE+12 .59197F-+03 o54755E*+Oa .1a58j5EO04

oIdJOOEA13 o46.,82E4Os o54753E+J30 o19362E03

*2G6.1 1l9-cE+0S .54751E4Oa 939365E-01
0460Gsai-:I3 .42u4OtLirjZ :54751E+30 .29687-E+GJ
98uOGL0E*13 01i581--rtoz .547.1E*130 .6ti9919L*& 13

oiaOuOE+14 .74'uiSt.'1 954751E+30 .68314E+4Gj

.28COOJUL4 9lblb9iL*O01 .54751L4JO 0590OI-OEGO1
&4uJ)uOE*1'. .467614--1-0 .54751k.4ji .57'4lrr.+O

dk4Ej 1io99Eca3O *5475iEtJa .63763E+00
OOPING LtVtL *liLL*24

itF ALPHA REFLECT rAg3S
.l~~4u.11982iL+130 ICJ3E01EO 00

#11982L+06 .11GO13E431 00

.4u13utE*1ý 91198Z!E4J6 .iOOOGE+3i a].
aduOuOE*13 .11981Lý+ib o99999E43i) 1.
sIGOu(GE4i *1198J)L+06 @9~9998E40J 3.

*260uuE41J *11975E*Uo *99992L4i0O 0.

s4j~O0E*1J. .11952t.+&6 o99966E+Oa 0.

.30ot. 11861L*V6 .99864E+Ju 0.

.IGCUOE+IZ *11794t~tuo .99785E4~ut 0.

.*?DJUaE+Ifi2 oI1~b1E+06 o99u74Ei3J 0.

,ý4vduOrUc41 *95397 L*DS 9953ý6E4jOJ 0.

.die~uOElI? *59197E+05 o?5680EAJO 0.

.1luiit.*1J .46082t+05 *66244L*)13 0.

.20060t:+0 *1619JL+0;, .55234E+3JO 0.
*4uG3GE+IS *45u43J.t04 *547bIE+J3) .11653E-34
.diuOOOE+13 .11587E+014 .54751Etd13 9791286-G9
.11304CL*14 974414tt0.S *54751E+130 .125tb6E-C5
*20000iL+14 *18b9u'z403 .54751EtJJ .25231t-CI

o4C~uuE414 .46781E+402 o54751t:106 o29389E+0O

e dwOO&iE+14 llo99'E+02 o54751L4JO .53934;E+GOJ

A-5



THICKNESS= .*58000 INCHES
GERNAMIUM

DOPING LEVEL .254t+20
FREOUENCY OHki ALMHA AMOUSTMC COIEFF.'- REFLECYIC COEFF. TRAMNISSSON COEFF.

.aoluQ69EIu . 7 1363tLu2 o75682E430 *99792Ee-Ga,
*2fiJaOEI13 *717-b2c.*O2 @65338E+430 *93167E+U'J
o4GG3OE.1o o715,63t.4O2 .61494E+iJO o14837ECOO
0800oE~iki 971251r--+0 .60385E+00 *52385E4O00
.Ib800Ee-ii *7154.+C-402 *60247E*Oa3 *47446LEti0
oZb04uElit *74uz& 60L62E.*00 o58162tOa3
*400jfiE.I1 .7 126u..402 .60u315E4Gu .45335E+00
o8dijUOEi11 *7CLbb'?EOg, o60064EtJO *652'.8E4OO
elG~uGt.*1Z *69708te-O2 o600aZL+00 977158Etf00
o?0aouoE*12 .64676r_'+02 .6301E4+03 .68575iLtOa
*40000E4I2 o5El92E.02 o603aGE+J13 953458E+00
o8.~uuuE41e o~o473'LtiGi .60000E+3E4~ *47367E+OO
*10dor3iiOlj 919546L4-+I2 o606OIJtO+O3 *55288E+63
o2U0oE+1J o6l454E+31 .bO0flOLI33 o47759E+f2O
.4&~GOGE+13 eit4'21E+ý#l OOOOOL+30 *77b3JiE+06
e8OdGOE+13 &41772E+00 *6ij060E+i3O *56626L-t33
IJOOG0Ee-14 .2E79ajct+Oj *6O03oGE+JJ 976771E+OC

*Z80O.0E*14 *6 7Ib46-tji 96JOOGEuO o55633EcaaO
.400OOE+14 *i6csGSE-01 96GjfiOE~uO .L.442E+O03
.800aOE14I' .42altC-0J2 .60JOOE+0)O .71732EtCJ

JOPINt, LEVELt lZjaL+22
F ALPHIA RLFLLCT T A 3S
6iODOOE~lu *edo25E+04 o99957E4KIO o43225E-03
200O36E*lo .2to625E+04 0989+O.86634E-03

.'.uoZ4EE4i o99327E4K10 .i773L.E-02
.840GGEO+1u *2130"2U-L-t+i .97'.42E.4Gg .384d66E-2
.10006E1l 028o±$t..+O' .96147E+JJ *51239E.-02
926000OE+1i o28595c1-G4 oBS122EGOO o18345E-(iI
e4000GE+1I .2 8204L+64 .75004L+30 .20i947E-01
08000suE+11 o21iE0 65185E+j3 *12240E-GI

9100L1 27d83Ltu4 o63433E+0O .I1862E-uI
*2GGuOE+12 e25b7lt4-54 .63796L+00 .14528E-01
*460u6aE+12 o2Eu77?C+64 960122E.+30 933362tc-Q1
*dG~uL6E~ie *1t589E*04 o6GO69E413L ei14264E+Ovu
*14000E413 *78184Ee03 o600u'3taG3i 620067E.*03
*2(a0u0tEi 248t03 .6030JO'tJ0 .38'.J7E+CG
e400u~fi2.3 *65o84tL+02 .60000E+ja3 .68777E+oo
o8uOA6E+1j eIb704LtO2 *636E0 55693L+GO
*l6GuOE+14 olu~ltbLtO2 *60'.J 7533.2t+)
926060E+14 *2t6E+bbols *6ujJuGEtJJ o55492t4+OO

o40*E1 b7ellL+CJ *OJOOUL+30 o48418E+OO
*8OCuuE+14 lt.b+G *0uO&'KIO .71713L+60O

A-6



FRMEC PINO LPHA AW~nIN CEFF2O REFLECTION COEFF- TRAFMSMION COFF.

.10000E+1j 9278625E+66 .99955*E+i3 0.
*206.u2bo25iEtt06 .10000E+01 0.

o4(i3UUE*12 .28o7740~6 IOJJCE~+3Ji 0.
o8G~uIaE+10 *2~8626+06 *10812E413 0.

ozIaOOJ~..1 2?8595c+a6 99998E+30 0.

.400)OuE*41 .06E0 .99993EO+00 .016E
9803i0UEti3 .ib8f4%.*O .69J9u0E+jO 0.546E

*20iE1 2.l871EioEI .6001L00E 0 0032E0
*4&JOOEt+1I .2bduocE+03 .96560L+03 0.401E

.40OduE+13 .65od1E+.02 *b4)OrJE+40 .40167E-04
0 2000uE+~13 .Ibdi8oýt2 .6070L+0EJ do88E0

z;ILICON
OUPINw LLVtL e5c2

FALPHA REFLECT TAJS
oluOu4)E+10 *29956;_-02 *6051t3E+j3 .990J73EtI00
*2u~uuE+IJi .29955E.402 .56359E+JO .95257E+00
-4u04)4E*Iu .29955C.4+02 *55165E*30 .83925Ei+0ý
odGO60uE+IJ *299*3L+L2 o54855E+4)0 .64187E+bu
1lbOuOE+li .29951E+02 .54818E+JO .56233E+Ga

.ceO6OLE+1I .29936E+02Z .547b8E+JO .73EC
*4u0O~a.*Ii .29d79C,-iJ0 *54755tE+30 .57203E+60
*8U4)uOE+ll *29o52L+Ci2 *54752E.4i3 .58998E+Oý
91O0000E+12 293484E+4.2 *54752E+0Q .56260E+CO
*,2606uut.12 *28154E+02 o54751E+OJ o6i6I8Ez+00
.40OE3u+'12 .23649kE402 *5475ikE+OJ .53589E+00

*80OL i479'3E+02 .54751L+00 *82686E+Oa
*1OýuOE+13 o.±1i2u3--u2 *54751E44)O *54850E4IL0
.20000E+i3 *4L476L+Oi. o54751E4JU .76473E+00
.4GOa)OE+13 .il26JE>G. .54751E+JO *57895Ee03

odOu+3 .289b7c+oa .54751Et+00 .633464i+03
.IO003tE+14 .18#oU3t'Uh .54751E+JO o88265E+00

.20.E1 4672bL-GJ. *54751E+10 .707i2E+00
**O~E+4 alb9E-154751E4-JO .54521E+OG

.d6OJGE+14 s227.254751LA.JO o87212EtCO
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DOPING LEVLL lG1jL+22 -FREQUENCY lHz) ALPHA ABSORBTION COF~m REFLECTION COEFF, TRANdSMISSION COEFF.
*100E+J 0198 99792E+03j *12402E-01
s2~bE+0 ol~dL~4.99180E+00O o25262E-01*4LU30Ee-1j oll982a-041  *96900E+00 o54466E-Oi

*80000E~lj 0191+4.89801E+00O s15l87E+00910000t+11 -11'i8jt+t4 *85920)E+30 .24.927E+00
SZG.El 11972.E.U *71iI;4E~dI3 *23935E+00

*4J~Eii *192c.4 bG484E+.JJ ol4.95tE+03
*8J0Ell.lol+G 56328E+UO~ @12678Ee.00s1600aýL.12 .119794t.+i4 o5576~3EeK30 *12625E+00
*'l~uE~z 126L+4.54986E+3:3 *13366E+06.'.Ui0uuL+le .95397L+tU3 954794L+JU *1692OE+00

*800.1 5 9 197c+03 .54755E+Uj3 .30333E+00oltiOUUE+13 s4bu.2.+O.3 *54753E~aO .333wiENOC*2I6OuiE+13 f1b19jc-+O. *54751C*+JU o5910!E+00
*40.t+3 45 u4jL+02 *54751E.Kh) .55524E+oo.thC066+13 -llp87z.+G2 .5 4 751L+.)3 *62269E+00slu00GE.1,+ *74'.1a,taGl o54751E4.): *86913E+00

*Zýu6u~E+i'. *1d9j-z..I3 .54751I-+jo .7j546LE+0d
*406L+4 4b81+. 54751E+OJ .54531E+00

LJUPING LtVLL .lGOE+24
F ALPHA4 'RLFLEGT TABSsIL0,J~L4+lJ o.113dcX-tuE, 4iOGu6.+0i as

020uo~lj.1981Oa -iOGE+Ji 0.

.d0G+JIILJ8 1L+00 .9999E+s30 3.
0IýJ0UtjE+j1 .19ý.o *99998E+JO is
,2(iUO4E+ll lli97jL+00 *99992Et30 0.

#41.JOElls195E+6 99966bE.O 13.o8&06UE+ll .11661L+06 *99864E4KU 3.
6100+2.11794L+30 .99785L+:3O 0.

o200ý0E+i2 .11261Lto~o .99074Lsji3 3.*4U.0u6tE+12 .9:,-'97LtCq *9t3u6L4~jJ 0,
.86000E+12o517Lý .75680E+00 0.

#105u~l *6ý2L-+5 66244E+00 0.2#OOi .1619ýC+05, *55234t.+ja as.s4LG006Ee.1 .4u4JL+t34 o547b1L+aj3 .9197BE-03
98~0~0UO13 .11id7c+tO4 954751E+00 *12b73Et00

*IGOJUE+14.74416E+Oj54751E+JO *40E0*,'J300c+i' .ireb9Lc+63 *5'.751E+jo *5'.C72E+0j
*40uE1 4u78iLtC62 .54751E+JO o524JlE+00
*860ýOL+4 lu169L+G2 .54751E+'00o52EJ

A-8



tHICKNESS= 91270JO INCHLS
GE RrIA41 U

DOPING, LLVLL .250E~+26
FREQUENCY lHz) ALPHA ABSORBTIOIV COEFF.!m REFLECTION COEFF, TRANSMISSION COEFF.

91O(0OOE+IJ *723.2.58L0 96528E4-00
.ZOG+. 715bec+C,2 o65338L4+Oa .7563JE+g,)

.'.&OuOE~iC @71563t+C2 .61194E+OJJ .49,-53E+00
*80JE~j 7151~o2*66385Et30 .4558CE+C3

o1I00OOL+11 *71544c..02 *60247L+00 .57ia42E+0O
.2OaOE+ii .714*87L+02 960Th62L+%~A] 947313C+Gu'
.4uOtjOE*11 *71g264E+02 *6I0di5EtJ0 *41957Lý+oO
.5OO0uiE+1I o7&Jb5&ctu2 *bO0u4EtJ3 o6rv134iEtOa
*14000E+12 . 6 9 708c,402 *632fO*4284bE+66

.206El 64to7dE+I62 .6OD0jIE+00 o5417LE~+Co
-40j+2 .5Li9et+62 o660OOL+jj s44379EtLJ

.8G060aE+12 .26473ti-02 *bOOGJOtE.J o63CJ58E+Q)

.iGO00OE+1L3 o.cib+0 oOOuE.*JJ o87493.Zt(,J
e2uGOOE+13 *b1454t+cOl .bOOOOE+3O) *93283E+OO
.4uOOi3E+13 #16421E4101 *6iJOOt+iJ) #88759~E0%1

0800E1 41772EL+OJ o6Jt0OOE+iO *72109ct-Go

-2ý060E+14 .b74164C-Oi .buOOGE+oj .4t1C39E+aa
*40000E+14 .i1esuirt-Gi o3#CG .76803E+00
oduoooE+1..4ulLý 060)OOLt~H2 *55636E+GG

OOPINU. LLVLL 9160L4~c2
F ALPHA tREFLECT T At3S
.10000t.+10 o2 6025 L+64 *99957L*Jj *28632E-L&5

-2jjE~w- 02t).7L+4*99829EtJO .57556Et'.5
*4ýOLý0E+Iu- o28b24~E+64 *99327L+uJ .11748L-C4
oau00GL+10 o28o2JL+O'. 997442L+60J *25523E-(L4
.iO0U6E4-ii o2boiai>OL. .96147t4~n] *34ýOGE-C4
.20O0CE+ll .255E6 8dI22L4-j1 s14 22t5E-C.3

s4.0El 2856'~4e+4 o750U4L+Jj si'4l76E-C3
.8OO0)OE+11 .2814oLti34 .65185L+.J0 .88137E-04
oluOJ6E+12 *27cd83E+04 .b3433L+JJ) *89437E-C4

*46GU0Et12 2v7tv ob3i22LJJ .q18912E-i3
.8u006E+le o.1u)8P.+O' *60009L+Jo 92103JE-Cl
.1000~u4E13 o7t$IU4C+63 *b&)S03E410 .51511E-O1

se*LL1 24P82L+GO 600LJ *3It71E+CG
*400jOE~i+13 .6'04+2.6JOuOL+Jj o40Eo
,8ýu0~E+13 olt7u9E+02 oOQEJ 67995E+00
.10000L14-' *IU/16c+62 obOOOOE+00 .b.3119E+CO
*20JOI4-i4 *28&.L buOGOL+J6 .47839EtJC~
.'.0000E+14 *6 72 11t+oj *6uJOOCE+JJ *7b6OJE+CJ
*d0Ju6E+1L. oltuo-L+0J o6COCot+Jj o51EG
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DOPING LEVEL .1O0hiE24 -3
FREQUENCY (Hz) ALPHA ABsoRSTIotd COEFF~o' REFLECTON COEFF. TRANSMKMON COEFF.

*IQ~a0EiOtj 92fi625rn*O6 *14abO~E+01 jo
*2000U^Et1J *28625E#06 91600LE43. 0.
*4000E*1J o2ba2'4L+u .10000E+01 0.
080ouoE~liJ o2862ucE*ib .ljiOOOE+ai 0.

g.o061 28bl8t.+06 .100OOE+Oi 0.
0200uurfiIl *2b595E+36 o99998E*+30 0.
*4001iOE+l1 *285CGdttub 099993e*)3 :1.
*80060L+II *2814o'E*Ut .99972E+JO 00
elooi3oc--12 o27884hAý6 999955E+00 0.
*26630E412 .25871c.+jOb .99791E*00 a*
.4000JaE+1e .2.%~u 9b56E+biJ I.
.8C0003E+12 IC583L-+06 *86812E+JO .30
.l1l0uOE+i3 s78184L+63 .7b?56E4OiJ go
.2ui0O0E+13 .24582c:4O, *6672CE+J0i 0.
*4U6t)aE*15 .65o8'4L+tJ4 .baa313tii .402I1E-C9
9800020E+13 .167ii~c.HJ't obG3OtE+00 .29201E-02
.1600iIUE+14 .lCl6t'.+04 *b~ta0iE+0J o20182E-01

0200+428bo3tc+6~3 .bui)30t+30 *2544'.E.OG
e4600UEI+1'4 .67211LL+t2 *600OOE*00 958631E+(4 J
*8B30u0Et14 *l16UoL+02 o6ujitOLtJd *53624E4Cl

SILICON
UOPIN6 LLVEL o25jc.+20

F ALPHA REFLECT TABIS
*10660~u' .29oC+2O0510E+00i 995556E+03
.26GuG0E4Io s29955t.+02 .563E59E4100 .81907E+CG
.40JOUE+IiJ .299'55C+62 o55165E+JO *6O835tE+Oa
*60000E+iý Z49~5jE+Ce *54855E+jD o52u69E+OG
.16065E+li. oZ9951ct02 *54818L+00 *59733JE+00
eý00GtEtII 0296-:0 54768E+30.512E0
.40000E+1.1 .298793L+02 *54755E+JO oB1958E+OO
o8uOGGE*li .29652E+02 *54752IE4uj *76343E+03J
.iiJO(Jt+12 *29484t.+O0 054752t~+00 954551E+00
,2OO0uGL4'2 .2EFi5".t+02 .54?51EtjO .58634E+00
.kuiuOE+12 *.)64~9r-.*u2 *5L4751E4 00 *52b7bE+00
e80aubE~i2 .14799L-'+02 954751E+00 .75276EO00
*1u3066+13 *1i1$2jL+j2 *54751E+00 .53194E+CD
02O00G61+13 *4L.7oEC+6l *551E+iIO *88838,O00
.4u0'diEtlJ *Ii2bUL*01 .54?,1tE+JO *74383r.+G6
s860O0UE+1J .289b7L+OJ o54751E+aj0 o56361E+C0
oýOGOJ+14 olboqj3L+tL' *54751Lt00 *53915EO00
oeGOOOE+14 .4b72ut-01 *54?5it.400 .985i7E+00J

.402E.4 ll95L-Oi .54751E+00 .94583E+00
*800G0E+14 o29247t-j2 95'.751E+JU *83399E+O0

Ad 0
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IMPEDANCE Wz AT DIFFERENT FREQUJENCIES
AND DIFFERENT RESISTIVITIES FOR Ge AND Si
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PROGRtM FOUR

TRANSMAITTANCE AT FREOUENCIES FROM 0.5 Gliz TO 12.5 Mez
FOR DIFFERENT RESISTIVITIES AND DIFFERENT THICKNESSES
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•o50000E+09 o57716 ohmem ,57322ohms -59.060
61OOOE+10 .8151± .81178 -84s610*15000E+10 .99799 .99453 -104.22
o20000E+10 1.1523 1.1484 -123.75
925000E+1O 1.2884 1.2839 -135.30930000E+10 1.4115 1.4063 -148.46
•35000E+1G 1.5949 1.5187 -160.54
*40000E+1i 1.6304 1.6233 -171.79
*4•5000E+1i 1.729b 1.7215 -182.34
o50060E+10 1.8235 1.8143 -±92,32
955000E+10 1.9129 1.9024 -201.80
•60000E÷10 1.9983 1.9866 -210,85
•65000E+10 2.0804 2.0673 -219.53
•? OOOE.±0 2.1593 2.1449 -227.88•75000E+10 2.2356 2.2197 -235992•80O00E£1.g 2.3094 2.2921 -243.70
•85000E+10 2.3809 2.3621 -251.24
•90000E4,lb 2.4505 ?.43U1 -258.55
•95000E+lO 2.5181 2.4961 -265.65
9 10000E+11 2.5841 2.5604 -272.57
•16500E+11 2.6485 2.6230 -279.31•11060E+11 2.7114 2.6842 -285.88

.11500E÷11 2.7729 2.7439 -292.31.12000E÷11 2o8331 2.8023 -298.59
*12500E+11 2.8922 2.8594 -304.74
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EXOF XVFRACntIZ
RCOFF '(ESIS LENL,1H6.00006 o1G00JE-~j&oj.L4?J2E..O.,-v TRANwSsbou

Fin 0 0E ~ N e n R A N S ( j B ,*500OE~g 57 71ba6b.. .S?3 22d... -25.364.10000E.io e61511 &81118 -3.4.15diClE~ji .99799 .99453 -37*.044
*200E.o 1.1523 1.:1484 -53o564
0226~a 1.2884 1.2839 021*30O0.1 14115 194063 -66.230
.30a~u 1.5249 1.5187 -11.755o40003E.1c 1.6504 1.6233 -76o895o45400h+10 1.729b 1.,7215 872.5000OE1Ei. 1.8235 1.8143 -828

1.9129 1*9624 -90.615.600iiOE+lG 1&9983 1.9866 -94e75*..650)00E.13 2.0804 2.63 -98*721.70000E+10 2.1593 2.1449 -125.7..OE1G 2.2356 292197 -106.21
08ao+6 2.3094 2.2921 -109.77*85000E,10 2.3809 2o3621 -113.21

:90040Ee1O 2-4505 294301 -116.56.95000EE*1u 2&5&"81 2.4961 -119.806l6080c+11 2.5841 2.5604 -122.97s10500E.11 2.6485 2.6230 -126.05olld&OE.1i 2.7114 2o6842 -129.05-11500E+11 2.7729 2.7439 -131.99o12gfi0E+li 2.8331 2.8023 -134.86.12500t+il 2.8922 298594 -137.67
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INDEX OF REFRACTION

RCOFF RESIS LENGTH

3.4240 *75J&OE-jlomtw32258E-O2mws TnmwssioN
FREOUENCY (HMa R Z X ; TRANS(081

•5O0ObJ+09 6. 3281ohman 3,8728o u -6.4003
o100G0E÷i0 8.0803 6o6552 -8.8187

.15000E+10 9.6161 7.6096 -10.781

.20000E÷10 16.o96 8.8366 -12.426

.25000E÷10 12.263 998517 -13o851
,30050E+l1 13.446 lJ713 -15.109
.35000E÷10 14.561 11i454 -16.234
.40000E÷l0 15.b62 12.e98 -17.248

.45000E+LO 16.631 12b60 -18o168

.5aOOOE+10 17.599 13.151
°55060E+10 18.529 13.560 -19.777
•600UOE+10 199424 13.954 -zo2486

.65000EtO 20o285 14.279 -21.141

.7000E•O 421.116 149559 -21.747
:75000E+ib 21.917 14800 -22.309
.80000E+1O 22o69L 15.005 -22.832
.85000E÷10 23.436 15.176 -23.319
:90000E+10 24.156 15.318 -23o774

.95060E+10 24.851 15,432 -24e199

.100OE+e11 25o522 15.521 -24.596
,10500E+11 26s168 15.586 -24,968

1106lE+11 26.792 15.631 -25o317
,11500E+1i 27.394 15.657 -25.645
.12000E+11 27.974 15o666 -25.953
.12500E+11 28,533 159659 -26.243
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INDEX OF REFRACTION
RCOFF RESIS LEN61"

S.4200 .?5DOG~E-CGh~w.14752E.OZ 
Tnm R-JUUCmFREOUENCy Ilbi it Z X T RANS(681

*50000E409 6e3281.gmum 30 872866 -1.7269010000L~io 8.0803 6.0552 -2o5884ol50f0i1k0i 9i6161 7o6fj96 -3.5319
*20000Eej.Q 1&099b 8o8366 -4o3997.25300E+10 12.263 9.8517 -5-163do3GO00Ee±& 130446 10.713 -5.8395*35000E+10 14.561 11.454 -6.4115*40000E.±O 15,62u 12.098 -6o9385.45000E+10 16,.631 12.660 -70. 4050,*50000E*1k 1L7.599 139151 -7082b3'.55000E+14 160529 13.580 -8.2097*660000E+16 199424 13o954 -8.5610.65000E+1.0 .20.285' 14.279 -8.884?
97000o +~10 21*116 14.559 -9*1844
.75000E+10 21.917 149800 -9.4632.80000Ee10 229696~ 15*.005 -9.7234.85000Et1O 23.436 159176 -9.9669o90000E+10 24.156 15.318 -10.195-*95000Ee10 24.851 15.432 -10o410.IOOOCE+ll 25.522 15*521 -10.6129150~l 2b.168 15.586 -10-8a.2
0I±OGOE+1± 26.79,e 15.631 -100982

*121lOOEtjj 27.974. 159666 -11.310o12500E~ii 28,315.659 -11.460
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WIEX OF mEFRmACn
RCOFF RESIS LENGrH

3.420; .400L-J)2@.,,32258E-0Zx.mm T*AmfmfO
FKEmIEEWYIOW a z x f iANSo(08)
.550060E+a9 1o166Cimc 1.135i.h -28o387
.10800E+10 1.6394 1.6144 -41.081
015000t8+l e.*JO49 109601 -50.840
o20000E16 Z.Jl41 2.2874 -59.064

O25800E+1G 2.5872 Z.5573 -66.301
.36000E÷1u 2.8348 2.80G7 -72.835
*3500aE+u1 3.0629 3.0241 -78.834
40000E+10 3.2758 302315 -84.409

*'45000E+10 3.4761 3.4258 -89o635
o5OOfiOE+Iu 3.6659 3.6692 -34.569
o55u0fE+10 3.8468 3.7833 -99.254
*60000E£10 '..OG2L 3.9493 -103.72
s65MEO•Oi 4.1864 4.1081 -108.0j
,70808L+LO 4.3469 4.2606 -112.11
.75000t+16 4.5J2C 4.L•L74 -116.06
•80063E+10 4,6523 4.5492 -119.88
.85000E÷10 4.7982 4.6862 -123.958
090000E41a 4*9402 4.8190 -12701b
.95060E+14 5.0785 4.9478 -130.63

1006GL+11 5.2135 5.0731 -134o.1
•16500E+11 2.3451 5.1950 -137.30
o11000E411 5.4744 5.31.37 -140.5a
S11500E+11 5.6W07 5.4295 -143.63

•12060E+11 5.7245 5.5426 -146,68
•12500E+11 5.846b 5.6531 -149.67
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FREOUEMYXb OW a z TANSOM8
eSOGG+09 1 16 W oh m 1*1350dý -11,389.16000E+14 106394 1.6144 -17o263*15tlGGE.1( 2.0049 109801 -21.617

.2OuE.~ 2.31f.iL 2.2874 -25.44a
.254doE~lo 2.5872 2.5573 -28.7b6.30dOGUOlo 2.8348 20eOiil -31.761
.35060L.1o 3o0629 3.8241 -34o512

e4JJ~d 3.2758 3.2315 -37.C67
o41Li~6 3.4761 3*4258 -39o463

o5636JE+10 5.6659 3.6092 -41.726.55d~dE.10 3.8468 3o7833 -43.874o60000E*j1o '.020(. 3.9493 -45o922
.65aGOE4I, 491868- 4.i1tsl -47o883.700GO0E+j 4o3469 4.2606 -49e767.75000E+10 4.502C 4.4674 -i1.580

0800+6 4-7982 4.6862 -i559025.900600*.41 4.9402 4.8190 -56o667
o950&OE.±o 500785 4.9478 -s78*260

al'JO~l 5.2135 5.0731 -53.809.16500E4±1 !5.345'. 5.1950 -61.317
olIdOOE.11 ipe4744 5o3137 -62.787

.150~i 5o6u07 5.4295 -64.221.120&OE.±± 5.7245 5o5426 -65.621
*15-ri 5 -8% 6. 5.6531 -66.989
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UNMX OF mFRACTIO

RGOFF IRLS1S LENGTH
3.20 .- JlaigE-%j2euin.32256E-G2sw ThiNMU

FPWMUELIHC OW R L iRANSIJO)
S .00uu6Jj9 057713 obm 572b -59,864

I1O0oorE*1u .81501 .61187 -94.621

:1505ObE+lii .99781 .991.71 -10'..24
,20juEk*Iý 1.152C 1*1487 -120.78
:25aiO0U+1i 1.288iL 1.2843 -135935
.300004+C. 1.4 11i 1*4u68 -146o~l
.35#10AE.1a 1.5242 1.5194 -160.61

1.diE10 L629E- 1.6241 -171081
*45000E.16 1.7287 1.1224 -182.44
o50G00L~a-u 1.8224 1.8154 -192.43
.55)c'Olv iU6 199116 109037 -201093
.6030di+Ilu 1.9969 109881 -211.01
w65haOt~ilb Z~o786 20609, -219070
o7OiJUJL~1u 2.157:p Zo146; -226,67
o75OUJE~lo 2.233b Z.2218 -236.14
.60ijg.at.*1 Zo3472 202943 -243.94
.85#lfjofi1] 2.3785 2o3645 -251.49
090000~E+10 2.'.479 2o4327 -258.83
o950&OE+1u 2.5153 294990 -265.96
*1L.UGGLI1I 2o5811 2.5635 -272.90
o16500C*l1 206452 296264 -279.66
.ilduioqktli 2.70 7 9 2.6878 -286.26
*1156DE41i 2.r7692 2o7477 -292.72
o!2000Ee11 2.d29e 2.8664 -299002
o125O0JE+11 2.8879i 2o8638 -305.20
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XWE OF REFRACTION
RCOFF RESIS L6NGT"

3*42 0fo *lid 6iE-Jzamm. 147?32E-02 moon. ymTnwmuaoi
FREOUEUCY OWz R z x rRANS(08)
o500uOE+J9 a577130hmci 9 57326~ oh 25.366.10308E.1d ob15fi1 M81167 -37.049
*I5jooE+.10 .99781 o39471 -46.017
.ZO03ooE+16 1.1521. 1.1467 -53o578
025000E410 1.2688 1.2843 -0.3
*36000E+ld 1*411C 1.4068 -66.255
035000E.10 1.5242 1.5194 -71.787
*400udE*10 1.629b 1.6241 -76.933
o4SO00E+iju 1.7287 1.7224 -61s765
.5OihO0t+10 1.8224 198154 -86.333
055SuOGEl. 1*911b 1096,37 -'IU*b7b
&650001E+10 1.3969 1.9881 -94.824
o65000E+16 2.0788 2.069% -980830
*76060E*1u 2.1575 2.1467 -1d2o62
*75060E*1o 2o2336 2.2218 -106931
*86400E.10 2*3072 2.2943 -109.88
98500rE~io 2.3785 2o3645 -113.33
*96J0OE+lo 2@4479 2.4327 -116.68
*95006E410 2.5153 2.4390 -119.94
010900t+ei 2.5811 2.5635 -123012
.10500E41± 2.6452 2.6264 -126.21
.I1000E.lI. 24?079 2o6878 -129.23
911500E+11 2.7692 2o7477 -132.18
*L2000L411 2.8292 2*8664 -135.06
.12560E+Ii. Z.8879 2.8638 -137.88
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FIGURE B-1

Theoretical Transmission of Germanium
(0.127-in.) at 3 Doping Levels
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FIGURE B-3

Theoretical Transmission of Silicon
(0.127-in.) a! 3 Doping Levels

B-3



I!

IXO1

IxO
,MMEM& SLIiCON

IxlO9 IxIO'o 1I1O" I1I012 IXI'13 IxO114
FREJENcY in Hz

FIGURE B4

Theoretical Transmission of Silicon
(0.058-in.) at 3 Doping Levels
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F.GURE B-5

Transmission vs Temperature Measurements for Germanium
(0.127-iro.) at 2 Wavelengths
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FIGURE B-6

Transmission vs Temperature Measurements for Silicon
(0.127-in.) at 3 Wavelengths
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